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(54) TiUe: METHOD AND APPARATUS FOR AUTOMOTIVE AND OTHER TESTING 
(57) Abstract 



A method and apparatus for automotive testing comprises a 
base station and at least two handsets adapted to provide a testing 
function in at least two corresponding technically distinct areas. 
Embodiments employ Kelvin connectors and/or Hall effect probes 
and/or induction probes. System operation is effected by the simplest 
and minimum number of control commands. 



ONE UNB DISPLAY 

— I ^ 



^ USER 



7 



^16 30 

))))» 



BASE 
STATTON 



12 



TEMPERATURE 
SENSOR 



KELVIN 
CONNBCnON 



* ► 



/ 



SYSTEM 



TEST SEQUENCE:- 

1. SELF TEST AND EXTERNAL 
BATTERY TEST 

2. TEST STARTER 

3. RUNNING TESTS 



24 



DEFAULT 

DATA 
ANALYSIS 



10 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Stovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


OA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belanis 


IS 


Iceland 


MW 


Malawi 


VS 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


VZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netheriands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzsian 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6ic d*Ivoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CV 


Cuba 


KZ 


Kazaksian 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DB 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






BE 


Estonia 


LR 


Liberia 


5G 


Sing^re 








wo 00/12992 



PCT/GB99/02683 



METHOD AND APPARATUS FOR AUTOMOTIVE AND OTHER TESTING 
This invention relates to a method and apparatus for 



exclusively/ the invention relates to such method and 
apparatus applicable to the roadside testing of automotive 
vehicles, and the corresponding testing of such vehicles in 



particular practical application of the embodiments of the 
invention lies in the provision of a method and apparatus of 
particular utility for patrol personnel offering roadside 
assistance to automotive vehicle users. 

The invention is likely to find utility in related non- 
automotive applications. 

A particular practical problem in the field of fault 
diagnosis in automotive vehicles lies in providing a simple 
practical means whereby common faults in relation to basic 
automotive systems can be readily identified. Of course^ 
computer-based total vehicle analysis systems are available 
for analysis purposes, and these are effective. However, 
such systems are usually dedicated to one specific vehicle 
model and are thus applicable only to that extremely narrow 
range of vehicles, and in any case are not suitable for 
roadside use. 

Another problem which arises relates to the fact that 
many faults are intermittent in nature and are generally 
untraceable using current conventional equipment until the 
fault has become so bad that it is present at all times. 

A further requirement is that methods and apparatus of 
this kind need to be readily used by a roadside assistance 
patrol person under adverse weather conditions, and under 
similarly adverse conditions so far as the state of 
maintenance of the vehicle to be tested is concerned, and 
having regard to the fact that many modern vehicles are 
constructed so as to be highly resistant to the ingress of 



automotive and other testing. 



Particularly, but not 



diagnostic and service-orientated functions. 



One 
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rain, snow and automotive lubrication and other fluids, 
whereby it is relatively difficult to gain access to some at 
least of the operating systems of a vehicle, notably the 
starter system and related electrical components, 
5 An object of the present invention is to provide a 

method and apparatus offering improvements in relation to 
one or more of the factors discussed above and/or 
improvements generally . 

According to the invention there is provided a method 

10 of testing applicable to the identification of faults and to 
the making of other routine tests in automotive vehicles and 
like electrical and/or electro-mechanical and/or hydro- 
mechanical systems or assemblies or components, as defined 
in the accompanying claims. The invention also provides 

15 corresponding apparatus. 

There is disclosed in US 5, 129,259 (View et al) a hand- 
held fault indicating system adapted to be coupled to the 
torque converter clutch solenoid of an automatic 
transmission by probe cables but which lacks disclosure of 

20 coupling means to a remote base station. US 5,758,300 (7\be) 
and US 5,657,224 (Lonn et al) disclose scanners adapted to 
be coupled to remote PC based diagnostic centres. US 
5,532,927 (Pink et al) discloses a diagnostic tool including 
a processor 16 which can be coupled to an on-board vehicle 

25 computer or ECU through an autotest device 44 or a breakout 
box 42, and which can also be coupled directly to different 
wiring harness connectors in the vehicle via a test probe. 
The disclosure does not indicate whether or not the device 
is hand-held. US 4,057,847 (Lowell) discloses a remotely 

30 controlled test interface unit 12 provided with a 
transceiver for coupling to a data processing unit to be 
tested, and also coupled to a central processing system. The 
test interface unit 12 is portable, but apparently not hand- 
held (see paragraph bridging columns 6 and 7). US 4,901,025 

35 (Herano et al) discloses a fault diagnostic system including 
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two different types of scanners 1, 29 respectively 
connectable to a vehicle connector, which is connected to 
plural on-board electronic devices. The scanners can not be 
simultaneously connected to the vehicle, nor is there 
5 provision for connecting them to a remote base station. US 
5,781/125 (Godau et al) discloses a portable transceiver 1 
which can be mounted on a vehicle and communicates with a 
remote base station or diagnostic centre. The portable 
transceiver module 1 is apparently adapted to be coupled to 

10 an on-board ECU. Plural modules can be mounted on the 
vehicle simultaneously (fig 3), but this is for use during 
vehicle manufacture. US 4,586,370 (Massemder) discloses a 
portable (but not hand-held) test unit for testing • 
electrical and pneumatic systems oh vehicular trailers. The 

15 system couples to the trainer harness which usual connects 
the trailer to the tractor, and also provides wireless 
connection to a hand-held remote control unit. US 
4, 926,330 {Pibe et al) discloses a scanner which, in addition 
to the standard connection to the on-board vehicle 

20 connector, is provided with a plug-in memory cartridge 34 
which has probes 46 for coupling to specific vehicle 
circuits. None of these prior systems appears to disclose or 
suggest a method and apparatus adapted to provide 
identification of a range of two or more faults in 

25 technically distinct areas of a vehicle or the like 
electrical or electro-mechanical system by means of a single 
set of apparatus using dedicated portable handsets for the 
diagnostic function in the specific technical areas to be 
analysed. 

30 - In an embodiment of the invention a method and 

apparatus for automotive testing provides a base station and 
at least two handsets associated therewith, the handsets 
being adapted to provide a diagnostic and/or performance- 
related analytical function in relation to at least two 

35 corresponding distinct technical areas of a vehicle. The 
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at least two handsets transmit corresponding test data to 
the base station which carries out a processing function in 
relation thereto, which is directed towards enabling fault 
tracing and/or diagnosis and/or performance analysis in 
relation to the distinct technical areas assessed by the 
handsets. In this way, a single set of apparatus is able 
to provide a fault tracing and/or performance analysis 
function in two or more technical areas and on the basis of 
simple test routines which are relatively ideally suited to 
use by roadside assistance personnel confronted with a 
corresponding range of potentially technically unrelated 
faults . 

Technical areas in relation to which handsets may be 
provided in a system according to the invention include the 
many aspects of electrical evaluation of automotive ignition 
and starter and control and monitoring and other systems, 
thermal evaluation of braking systems, surface evaluation of 
tyres including treads and sidewalls, condition assessment 
of automotive starter batteries and many other functions. 

In the embodiments of the invention, the base station 
may be connected to a computer which can provide additional 
analysis and data-comparison and data storage functionality 
to complement the functions of the base station. 

In the embodiments of the invention, the use of a 
handset is to be understood to comprise mobile hand-held 
apparatus of the kind adapted to be conveniently carried and 
used manually by a user (usually on a single-handed basis) 
from place to place of use for convenient application or 
interaction with a system to be tested- An example of a 
handset of this kind is disclosed in fig 1 of our co-pending 
application PCT/GB98/01949 (our reference P53540WO) . In the 
embodiment described below the handset is of a size for 
comfortable hand holding and for operation and control (by 
the user's thumb) using simple procedures and relatively few 
buttons with a one-line display or light-emitting diodes as 



) 
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a user interface. In its simplest form a handset is hand- 
held appartus. _ 

in a first embodiment of the invention, electrical 
contact access to electrical parts is simplified by the use 
of clip connectors to battery terminals utilising a Kelvin 
connection to remove the degrading effects of dirty 
contacts. A temperature sensing device may also be 
incorporated. These system options enhance the accuracy of 
measurement and diagnosis. 

The embodiments reduce the skill and time requirement 

exposed on the user. 

Embodiments of the invention will now be described by 
way of example with reference to the accompanying drawings 
in which: 

Fig 1 shows in flow diagram/block diagram format a 
first embodiment of the invention in which the handset is 
applicable to battery and starter systems for automotive 
vehicles; 

Fig 2 shows, in similar diagrammatic format the use of 

wi^ hhp testinq of wiring with 

a handset applicable to the cestmy 

intermittent faults; 

Fig 3 shows an embodiment in which the handset is 
applicable to the testing of circuits which are powered at 
all times. 

AS shown in Fig 1, a method of testing applicable to 
the identification of faults and to the making of other 
routine tests in automotive vehicles and like electrical 
and/or electro mechanical and/or hydro-mechanical systems 
employs the apparatus 10 shown in Fig 1 which comprises a 
base station 12 and a handset 14 connectable to the base 
station for signal transmission purposes. Base station 12 
incorporates its own power source for itself and for the 
hand set and signal transmission means 16 is provided for 
hand set 14 and is adapted to effect test signal 
transmission between the handset and a system or assembly or 
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component 18 under test. 

Handset 14 and/or base station 12 are adapted to effect 
processing of test signals sensed and/or generated by and/or 
induced by the signal transmission means 16 for fault 
identification and/or performance evaluation purposes. 

Handset 14 is adapted also to carry out test procedures 
on or in the vicinity of the tested system 18 by interaction 
with that system under test through the signal transmission 
means 16. In this embodiment, the tested system is the 
starter system of an automotive vehicle including the 
starter battery and/or the starter and/or associated control 
and connections systems. 

In this embodiment, handset 14 is connectable to tested 
system 18 through a Kelvin connection 20 and a temperature 
sensor 22 . 

Handset 14 is adapted to carry out a test sequence 24 
under the control of base station 12 which provides a 
default data analysis function 26, through the handset 
whereby test data is categorised and/or otherwise evaluated 
to determine its significance. 

In Fig 1 there is shown the signal handset 14. 
However, it is to be understood that the system provided in 
one aspect of the invention offers the combination of base 
station 12 with at least two handsets 14 providing 
technically distinct analysis functions applicable to at 
least two corresponding technically distinct areas of 
evaluation of a vehicle, and base station 12 is adapted to 
process the corresponding two data streams provided by the 
handsets to identify characteristics providing 
identification means for fault- tracing and/or performance 
evaluation purposes. The second handset may offer any of 
the functions mentioned earlier, or indeed may be that of 
Figs 2 and 3 of the drawings. 

Handset 14 provides its own interface with a user 28 
through a one line display device 30 and/or corresponding 
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light-emitting diode devices (not shown) . 

In use, handset 14 is connected to the terminals of the 
battery of tested system 18 and the test button on the 
handset is pressed* 
5 Apparatus 10 then performs item 1 of test sequence 24, 

an internal self test and an external battery ^^sanity" 
check. Then, the apparatus tests the battery state of 
charge and the condition of the battery. For this purpose, 
the systems provided in handset 14 and base station 12 may 

10 be as described and illustrated in our presently (at the 
priority date of filing of this application) unpublished WO 
application number PCT/GB98/01634 dated 19 June 1998. 

The information display at 30 informs user 28 whether 
the battery should be replaced or whether the battery should 

15 be capable of starting the car or whether the battery should 
simply be recharged. 

In the case where the decision is to start the car, the 
ongoing test procedure comprises pressing the test button on 
handset 14 and activating the starter system of the vehicle. 

20 Handset 14, through Kelvin connection 20 then tests solenoid 
current, the rate of rise of solenoid current, the time for 
* the solenoid to pull-in, initial starter current, starter 
motor ripple, and cranking current. This is item number 2 
of test sequence 24. 

25 The data from item 2 of the test sequence 24 is 

compared against the known characteristics of the vehicle by 
means of default data analysis 26 which operates on the 
basis of default data stored in the base station and 
accessed on the basis of user input of vehicle 

30 identification references. Accordingly, faults can be 
diagnosed and conclusions indicated in terms merely of ''a 
good/faulty" indication, or more detailed information which 
is available from base station 12. 

It will be understood that item 1 of test sequence 24 

35 establishes the internal impedance of the battery of tested 
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18. Thus, the battery can subsequently be used as a 
measuring device. In other words the battery forms a shunt. 
Any current flowing in and out of the battery causes a small 
AC and DC variation at the terminals, which can be detected 
5 and timed. This variation is typically of the order of 1 to 
2 volts when starting, and up to 0.5 vaults when charging 
from the alternator. 

Apparatus 10 is therefore analogous to an intelligent 
oscilloscope. No set-up is required. Data is acquired and 

10 analysed against parameters stored as a default. Conditions 
at the terminals dp not vary widely between vehicles, save 
under fault conditions. 

The above very simple technique covers many component 
faults and can also provide an indication of some wiring 

15 faults. However, all wiring faults can not be detected by 
the simple apparatus described above. Likewise, the above 
apparatus of Fig 1 does not immediately enable the user to 
distinguish an erroneous current drain when most of the 
electrical system is off eg a gradual discharge due to a 

20 stuck relay or a damaged semiconductor. Accordingly, a 
facility to incorporate further functions is provided by 
means of plug-in accessories for handset 14 to enable it to 
offer more sophisticated testing functions, as described 
below with reference to Figs 2 and 3. 

25 Turning to the embodiment of Fig 2, this shows a 

modification of the handset/base station system of Fig 1 in 
which the apparatus 40 is adapted for testing wiring 42 with 
intermittent faults in which the handset 44 operating as 
previously through a Kelvin connection 46 delivers a high 

30 pulse current 48 for detecting impedance changes 50, due, 
for example, to slight corrosion 52 and/or vibration 
effects. The test sequence of Fig 2 includes, as shown at 
56 shaking the vehicle and/or carrying out a start/stop 
sequence in relation to the starter system, if such is 

35 involved. 
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The embodiment of Fig 2 is applicable principally to 
wiring 42 carrying relatively high current levels. This 
embodiment may not be directly applicable to breaks in 
wiring looms carrying low signal levels. 
5 Whereas a definite and permanent break in conduction is 

often relatively easy to diagnose, a common and fairly 
easily developed fault is that in which some tens of 
milliohms is added to the circuit and produces a hot 
terminal. Such a condition may be due to a loose screw or 
10 connection. Usually, it results in the vehicle failing to 
start . 

In the case of intermittent wiring faults 42, detection 
has hitherto been difficult leading to repeated requests for 
technical assistance by a vehicle user. Slight corrosion 

15 in connection systems can prevent vehicle starting in cold 
conditions or may reduce charging rates. Even more 

difficult to deal with is the impedance variation caused by 
vibration, or when an earth connection is inadvertently made 
through a bearing. Sometimes the vehicle starts easily. 

20 Other times it is dead. 

The handheld tester 44 of Fig 2 is used as a 
microohmeter, using high pulses currents 48. Such high 
currents overwhelm errors caused by small currents which may 
already be flowing for quite legitimate reasons, but which 

25 would certainly invalidate the result obtained by a normal 
electrical test system. Kelvin connection 4 6 provides the 
pair of connectors 58, 60. In addition, a third connector 
is provided from the battery to tester 44 to provide the 
energy for the high pulse current 48. 

30 In this way an accurate and repeatable measurement of 

impedance can be made. The test sequence 56 then includes 
shaking the vehicle or starting and stopping the engine 
several times, with repetition of the measurement. Any 
significant variation in the measurement indicates an 

35 intermittent problem and its severity. 
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Turning now to the embodiment of Fig 3, the apparatus 
70 comprises a handset 72 adapted for the analysis of 
circuits 74 powered by a battery 76 at all times with no 
interruption 78. 

For this purpose, handset 72 is provided with a hall- 
effect probe or an inductive probe 80 in order to provide a 
non-intrusive current metering effect 82 with the usual 
signal processing and analysis functions being provided by 
base station 84 which is linked to a computer 86 • 

Probe 80 is adapted to sense a bundle of wires or 
indeed a single conductor 88. 

Looking now at the details of the functionality of the 
apparatus 70 of Fig 3, the circuits 74 are of the kind 
provided in a modern vehicle in which a significant current 
drain from battery 7 6 is provided due to small amounts of 
electronics which are left powered at all times. If this 
current increases, the battery will be flat when the user 
returns, perhaps after a few days. 

In this embodiment, the technical problem which is 
tackled concerns measuring an unacceptable current (meaning 
a slight increase in the normal current drain mentioned 
above) without interrupting the desired or necessary 
current. Vehicle manufacturers advise users not to remove 
the battery connection on many vehicles due to the potential 
loss of security codes. A non-intrusive current measuring 
device 82 is able to respond to this requirement. 

As shown at 80 the Hall effect probe or inductive probe 
is provided having a circular or elliptical clamp with jaws 
which open to allow the probe to be placed round a wire. 

Where a Hall effect probe is used, both DC and AC can 
be measured, but an inductive probe can only measure AC, 
unless an expensive flux-balancing technique is employed. 
Note however that Hall effect devices are subject to a 
degree of drift and are more expensive than inductive 
probes. For the present embodiment, a Hall effect device 
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preferred. Such a probe can be offered as an accessory 
to the previously described handsets whereby the latter can 
detect low levels of DC current while also being able to 
carry out the functions of the test device of Fig 1, 

Access to the wires under test is eased because any 
section of a wire may be used. Ideally, the wire of 
interest is separated from the remainder at some point. It 
is even possible to determine current in a bundle of wires^ 
where the outward and return current is the same. Such a 
situation has hitherto been difficult to assess, but a 
deliberate imbalance in the magnetic coupling circuit can be 
used to ensure that at least some signal is coupled to the 
detector. 

In this embodiment, base station 84 is used to store 
15 test data prior to down-loading to computer 8 6, thereby 
enabling the nature and frequency of faults to be assessed. 
In a modification, the base station may be used to store 
performance specification data pertaining to vehicles. This 
data may be down-loaded to the handheld tester 72 to more 
20 accurately define test parameters and limits, whereby the 
handset is customised to the vehicle under test. 

In the multi-handset system disclosed in Figs 1 to 3, 
the base station operates in association with several 
handsets and enables collection of data which is useful for 
25 statistical purposes. The technical information contained 
in the base station removes the need for the user to carry 
and interpret vehicle specifications. The mode of use of 
the equipment requires little skill on the part of the user 
while detailed information can be displayed or stored for 

30 later use. 

The level of fault finding made available will enable 
a mechanic quickly and confidently to diagnosis the most 
common automotive faults. 
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CLAIMS : 

1. A method of testing applicable to the identification of 
5 faults and to making of other routine tests in automotive 
vehicles and like electrical and/or electro-mechanical 
and/or hydro-mechanical systems or assemblies or components, 
the method comprising : 

a) providing a base station and a handset connectable to 
10 said base station for signal transmission purposes; 

b) providing at least one power source for said base 
station and said handset/ and signal transmission means for 
said handset adapted to effect test signal transmission 
between said handset and said system or assembly or 

15 component under test; 

c) said handset and/or said base station being adapted to 
effect processing of test signals sensed and/or generated by 
and/or induced in or by said signal transmission means for 
fault identification and/or performance evaluation purposes; 

20 d) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 
assembly or component under test through said signal 
transmission means; 

25 characterised by 

e) said method being adapted to provide identification of 
a range of two or more faults in technically distinct areas - 
by means of a single set of apparatus, at least two of said 
handsets being provided, each handset being adapted to 

30 provide a technically distinct analysis function applicable 
to at least two technically distinct areas of evaluation of 
the same or a different system or assembly or component 
under test, and each being adapted to provide its own 
technically distinct data stream to said base station 

35 through its signal transmission connection to said base 
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station; 

f) said base station being adapted to process said at 
least two technically distinct data streams provided from 
said at least two handsets to identify characteristics 

5 providing identification means for fault-tracing and/or 
performance evaluation purposes in said at least two 
technically distinct areas; and 

g) said method comprising employing said at least two 
handsets and said associated base station in sequence to 

10 provide said fault-tracing and/or performance evaluation on 
the same or different systems or assemblies or components in 
said at least two technically distinct areas by means of a 
single set of apparatus. 

15 2 A method of testing characterised by providing at least 
two handsets each adapted to provide a technically distinct 
analysis function and a corresponding data stream to a base 
station which is adapted to process said data streams to 
identify characteristics providing identification means for 
20 fault-tracing and/or performance evaluation purposes, the 
method comprising employing the handsets to provide said 
functions in said technically distinct areas by means of a 
single set of apparatus. 

3 A method according to claim 1 or claim 2 characterised 
by at least one of said handsets being adapted to effect 
battery evaluation and said method comprising the step of 
causing said at least one of said handsets to effect said 
battery evaluation by said signal transmission between the 
battery under test and said handset, 

4 A method according to claim 1 or claim 2 characterised, 
by at least one of said handsets being adapted to effect 
brake evaluation and said method comprising the step of 

35 causing said at least one of said handsets to effect said 
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brake evaluation by said signal transmission between the 
brake or associated structure under test and said handset. 

5 A method according to claim 1 or claim 2 characterised 
5 by said at least one of said handsets being adapted to 
effect battery and/or starter system evaluation, and said 
method comprising the step of employing a Kelvin connection 
to said battery and/or starter system. 

10 6 A method according to claim 1 or claim 2 characterised 
by at least one of said handsets being adapted to effect 
electrical system evaluation and said method comprising the 
step of employing a temperature sensor to connect to said 
electrical system. 

15 

7 A method according to claim 5 or claim 6 characterised 
by the step of carrying out a test sequence comprising one 
or more tests selected from the group comprising self- 
testing and external battery testing and starter testing and 

20 vehicle running testing* 

8 A method according to claim 1 or claim 2 characterised 
by at least one of said handsets being adapted to effect 
tracing of intermittent wiring faults and said handset 

25 comprising a Kelvin connector to effect said test signal 
transmission between said handset and said system comprising 
a wiring fault, and the method comprising applying a high 
pulse current to said system to determine the presence of a 
resistance fault of the order of less than one ohm. 

30 

9 A method according to claim 1 or claim 2 characterised 
by at least one of said handsets being adapted to^ effect 
tracing of a fault in a circuit which is powered at all 
times, the method comprising employing a Hall effect probe 

35 or an induction probe to analyse current in one or more 
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conductors of said circuit. 

10 A method of testing applicable to the identification of 
faults and/or to the making of other routine tests in 

5 automotive vehicles and like electrical and/or electro- 
mechanical and/or hydro-mechanical systems or assemblies or 
components/ the method comprising : 

a) providing a handset and signal transmission means for 
said handset adapted to effect test signal transmission 

10 between said handset and a system or assembly or component 
under test; 

b) said handset being adapted to effect processing of test 
signals sensed and/or generated and/or induced in or by said 
signal transmission means for fault identification and/or 

15 performance evaluation purposes; 

c) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 
assembly or component under test through said signal 

20 transmission means; 
characterised by 

d) said handset being adapted to effect battery and/or 
starter system evaluation and the method comprising 
employing a Kelvin connection to said battery and/or starter 

25 system. 

11 A method of testing applicable to automotive vehicles 
comprising providing a handset to effect battery and/or 
starter system evaluation characterised by employing a 

30 Kelvin connection to said battery and/or starter system. 

12 A method of testing applicable to the identification of 
faults and/or to the making of other routine tests in 
automotive vehicles and like electrical and/or electro- 

35 mechanical and/or hydro-mechanical systems or assemblies or 



WO 00/12992 PCT/GB99/02683. 

-16- 

componentS/ the method comprising : 

a) providing a handset and signal transmission means for 
said handset adapted to effect test signal transmission 
between said handset and a system or assembly or component 

5 under test; 

b) said handset being adapted to effect processing of test 
signals sensed and/or generated and/or induced in or by said 
signal transmission means for fault identification and/or 
performance evaluation purposes; 

10 c) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 
assembly or component under test through said signal 
transmission means; 

15 characterised by 

d) handset being adapted to effect electrical system 
evaluation utilising a temperature sensor. 

13 A method of testing applicable to automotive vehicles 
20 and the like characterised by the use of handset adapted to 

effect electrical system evaluation employing a temperature 
sensor. 

14 A method of testing applicable to the identification of 
25 faults and/or to the making of other routine tests in 

automotive vehicles and like electrical and/or electro- 
mechanical and/or hydro-mechanical systems or assemblies or 
components, the method comprising : 

a) providing a handset and signal transmission means for 
30 said handset adapted to effect test signal transmission 

between said handset and a system or assembly or component 
under test; 

b) said handset being adapted to effect processing of test 
signals sensed and/or generated and/or induced in or by said 

35 signal transmission means for fault identification and/or 
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performance evaluation purposes; 

c) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 

5 assembly or component under test through said signal 
transmission means; 
•characterised by 

d) causing said handset to carry out a test sequence 
comprising one or more tests selected from the group 

10 comprising self-testing and external battery testing and 
starter motor testing and running testing. 

15 A method of testing applicable to automotive vehicles 
and the like characterised by the use of handset adapted to 

15 carry out a test sequence and employing said handset to 
carry out a sequence comprising one or more tests selected 
from the group comprising self -testing and external battery 
testing and starter motor testing and system running 
testing. 

20 

16 A method of testing applicable to the identification of 
faults and/or to the making of other routine tests in 
automotive vehicles and like electrical and/or electro- 
mechanical and/or hydro-mechanical systems or assemblies or 

25 components, the method comprising : 

a) providing a handset and signal transmission means for 
said handset adapted to effect test signal transmission 
between said handset and a system or assembly or component 
under test; 

30 b) said handset being adapted to effect processing of test 
signals sensed and/or generated and/or induced in or by said 
signal transmission means for fault identification and/or 
performance evaluation purposes; 

c) said handset being adapted to carry out test procedures 
35 on and in the vicinity of said system or assembly or 
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component under test by interaction with said system or 
assembly or component under test through said signal 
transmission means; 
characterised by 

d) said handset being adapted to effect tracing of 
intermittent wiring faults and said handset comprising a 
Kelvin connector to effect said test signal transmission 
between said handset and said system comprising a fault and 
the method comprising applying a high pulse current to said 
system to determine the presence of a resistance fault of 
the order of less than one ohm. 

17 A method of testing applicable to automotive vehicles 
and the like characterised by employing a handset to trace 
intermittent wiring faults and employing same through a 
Kelvin connector to apply a high pulse current to the system 
under test to determine the presence of relatively low value 
impedance faults. 

18 A method of testing applicable to the identification of 
faults and/or to the making of other routine tests in 
automotive vehicles and like electrical and/or electro- 
mechanical and/or hydro-mechanical systems or assemblies or 
components, the method comprising : 

a) providing a handset and signal transmission means for 
said handset adapted to effect test signal transmission 
between said handset and a system or assembly or component 
under test; 

b) said handset being adapted to effect processing of test 
signals sensed and/or generated and/or induced in or by said 
signal transmission means for fault identification and/or 
performance evaluation purposes; 

c) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 
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assembly or component under test through said signal 
transmission means; 
characterised by 

d) employing said handset to effect tracing of a fault in 
a circuit which is powered at all times, and the method 
comprising employing a Hall effect probe or an inductive 
probe to analyse current in one or more conductors of said 
circuit . 

19 A method of testing applicable to automotive vehicles 
characterised by employing a handset and a Hall effect probe 
or an inductive probe to analyse current in one or more 
conductors which are powered at all times. 



15 

20 Apparatus for testing applicable to the identification 
of faults and to making of other routine tests in automotive 
vehicles and like electrical and/or electro-mechanical 
and/or hydro-mechanical systems or assemblies or components, 
20 the apparatus comprising : 

a) a base station and a handset connectable to said base 
station for signal transmission purposes; 

b) at least one power source for said base station and 
said handset, and signal transmission means for said handset 

25 adapted to effect test signal transmission between said 
handset and said system or assembly or component under test; 

c) said handset and/or said base station being adapted to 
effect processing of test signals sensed and/or generated by 
and/or induced in or by said signal transmission means for 

30 fault identification and/or performance evaluation purposes; 

d) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 
assembly or component under test through said signal 

35 transmission means; 
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characterised by 

e) said apparatus being adapted to provide identification 
of a range of two or more faults in technically distinct 
areas by means of a single set of apparatus, at least two of 

5 said handsets being provided, each handset being adapted to 
provide a technically distinct analysis function applicable 
to at least two technically distinct areas of evaluation of 
the same or a different system or assembly or component 
under test, and each being adapted to provide its own 
10 technically distinct data stream to said base station 
through its signal transmission connection to said base 
station; 

f) said base station being adapted to process said at 
least two technically distinct data streams provided from 

15 said at least two handsets to identify characteristics 
providing identification means for f ault--tracing and/or 
performance evaluation purposes in said at least two 
technically distinct areas;' and 

g) said apparatus being adapted to employ said at least 
20 two handsets and said associated base station in sequence to 

provide said fault-tracing and/or performance evaluation on 
the same or different systems or assemblies or components in 
said at least two technically distinct areas by means of a 
single set of apparatus. 



handsets each adapted to provide a technically distinct 
analysis function and a corresponding data stream to a base 
station which is adapted to process said data streams to 
30 identify characteristics providing identification means for 
fault-tracing and/or performance evaluation purposes, the 
apparatus being adapted to employ said handsets to provide 
said functions in said technically distinct areas by means 
of a single set of apparatus. 



25 



21 Apparatus for testing characterised by at least two 



35 
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22 Apparatus according to claim 20 or claim 21 
characterised by at least one of said handsets being adapted 
to effect battery evaluation and said apparatus being 
adapted to carry out the step of causing said at least one 

5 of said handsets to effect said battery evaluation by said 
signal transmission between the battery under test and said 
handset • 

23 Apparatus according to claim . 20 or claim 21 
10 characterised by at least one of said handsets being adapted 

to effect brake evaluation and said apparatus being adapted 
to effect the step of causing said at least one of said 
handsets to effect said brake evaluation by said signal 
transmission between the brake or associated structure under 
15 test and said handset. 

24 Apparatus according to claim 20 or claim 21 
characterised by said at least one of said handsets being 
adapted to effect battery and/or starter system evaluation, 

20 and said apparatus comprising a Kelvin connection to connect 
to said battery and/or starter system. 

25 Apparatus according to claim 20 or claim 21 
characterised by at least one of said handsets being adapted 

25 to effect electrical system evaluation and said apparatus 
further comprising a temperature sensor to connect to said 
electrical system. 

26 Apparatus according to claim 24 or claim 25 
30 characterised by being adapted to carry out a test sequence 

comprising one or more tests selected from the group 
comprising self-testing and external battery testing and 
starter testing and vehicle running testing. 



35 



27 Apparatus according to claim 20 or claim 
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characterised by at least one of said handsets being adapted 
to effect tracing of intermittent wiring faults and said 
handset comprising a Kelvin connector to effect said test 
signal transmission between said handset and said system 
5 comprising a wiring fault, and the apparatus being adapted 
to applying a high pulse current to said system to determine 
the presence of a resistance fault of the order of less than 
one ohm. 

10 28 Apparatus according to claim 20 or claim 21 
characterised by at least one of said handsets being adapted 
to effect tracing of a fault in a circuit which is powered 
at all times, the apparatus comprising a Hall effect probe 
or an induction probe or an induction probe and being 

15 adapted to analyse current in one or more conductors of 
said circuit. 

29 Apparatus for testing applicable to the identification 
of faults and/or to the making of other routine tests in 
20 automotive vehicles and like electrical and/or electro- 
mechanical and/or hydro-mechanical systems or assemblies or 
components, the apparatus comprising : 

a) a handset and signal transmission means for said 
handset adapted to effect test signal transmission between 

25 said handset and a system or assembly or component under 
test; 

b) said handset being adapted to effect processing of test 
signals sensed and/or generated and/or induced in or by said 
signal transmission means for fault identification and/or 

30 performance evaluation purposes; 

c) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 
assembly or component under test through said signal 

35 transmission means; 
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characterised by 

d) said handset being adapted to effect battery and/or 
starter system evaluation and the method comprising 
employing a Kelvin connection to said battery and/or starter 
system. 

30 Apparatus for testing applicable to automotive vehicles 
comprising a handset to effect battery and/or starter system 
evaluation characterised by a Kelvin connection to connect 
to said battery and/or to said starter system. 

31 Apparatus for testing applicable to the identification 
of faults and/or to the making of other routine tests in 
automotive vehicles and like electrical and/or electro- 
mechanical and/or hydro-mechanical systems or assemblies or 
components, the apparatus comprising : 

a) a handset and signal transmission means for said 
handset adapted to effect test signal transmission between 
said handset and a system or assembly or component under 
test; 

b) said handset being adapted to effect processing of test 
signals sensed and/or generated and/or induced in or by said 
signal transmission means for fault identification and/or 
performance evaluation purposes; 

c) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 
assembly or component under test through said signal 
transmission means; 

characterised by 

d) handset being adapted to effect electrical system 
evaluation utilising a temperature sensor. 

32 Appartus for of testing applicable to automotive 
vehicles and the like characterised by a handset adapted to 
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effect electrical system evaluation employing a temperature 
sensor . 

33 Apparatus for testing applicable to the identification 
5 of faults and/or to the making of other routine tests in 

automotive vehicles and like electrical and/or electro- 
mechanical and/or hydro-mechanical systems or assemblies or 
components, said apparatus comprising : 

a) a handset and signal transmission means for said 
10 handset adapted to effect test signal transmission between 

said handset and a system or assembly or component under 
test; 

b) said handset being adapted to effect processing of test 
signals sensed and/or generated and/or induced in or by said 

15 signal transmission means for fault identification and/or 
performance evaluation purposes; 

c) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 

20 assembly or component under test through said signal 
transmission means; 
characterised by 

d) said handset being adapted to carry out a test sequence 
comprising one or more tests selected from the group 

25 comprising self-testing and external battery testing and 
starter motor testing and running testing. 

34 Apparatus for testing applicable to automotive vehicles 
and the like characterised by the use of a handset adapted 

30 to carry out a test sequence comprising one or more tests 
selected from the group comprising self-testing and external 
battery testing and starter motor testing and system running 
testing. 



35 



35 Apparatus for testing applicable to the identificati 
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of faults and/or to the making of other routine tests in 
automotive vehicles and like electrical and/or electro- 
mechanical and/or hydro-mechanical systems or assemblies or 
components/ the apparatus comprising : 
5 a) a handset and signal transmission means for said 
handset adapted to effect test signal transmission between 
said handset and a system or assembly or component under 
test; 

b) said handset being adapted to effect processing of test 
10 signals sensed and/or generated and/or induced in or by said 

signal transmission means for fault identification and/or 
performance evaluation purposes; 

c) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 

15 component under test by interaction with said system or 
assembly or component under test through said signal 
transmission means; 
characterised by 

d) said handset being adapted to effect tracing of 
20 intermittent wiring faults and said handset comprising a 

Kelvin connector to effect said test signal transmission 
between said handset and said system comprising a fault and 
the apparatus being adapted to apply a high pulse current to 
said system to determine the presence of a resistance fault 
25 of the order of less than one ohm. 

36 Apparatus for testing applicable to automotive vehicles 
and the like characterised by a handset adapted to trace 
intermittent wiring faults and further comprising a Kelvin 
30 connector to apply a high pulse current to the system under 
test to determine the presence of relatively low value 
impedance faults. 



35 



37 Apparatus for testing applicable to the identification 
of faults and/or to the making of other routine tests in 
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automotive vehicles and like electrical and/or electro- 
mechanical and/or hydro-mechanical systems or assemblies or 
components, said apparatus comprising : 

e) a handset and signal transmission means for said 
5 handset adapted to effect test signal transmission between 

said handset and a system or assembly or component under 
test; 

f) said handset being adapted to effect processing of test 
signals sensed and/or generated and/or induced in or by said- 

10 signal transmission means for fault identification and/or 
performance evaluation purposes; 

g) said handset being adapted to carry out test procedures 
on and in the vicinity of said system or assembly or 
component under test by interaction with said system or 

15 assembly or component under test through said signal 
transmission means; 
characterised by 

h) said handset being adapted to effect tracing of a fault 
in a circuit which is powered at all times, and the 

20 apparatus comprising a Hall effect probe or an inductive 
probe whereby the apparatus is adapted to analyse current in 
one or more conductors of said circuit. 

38 Apparatus for testing applicable to automotive vehicles 
25 characterised by employing a handset and a Hall effect probe 
or an inductive probe adapted to analyse current in one or 
more conductors which are powered at all times. 
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